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Abstract 
An experiment was conducted with Labeo rohita fingerlings in an indoor static fish 
rearing water system of glass made aquaria. Five experimental diets A, B, C, D and E 
were formulated containing 33% dietary protein level in five treatments each having two 
replicates containing 12 fingerlings of mean total initial weight of 13.00+ 0.2g. Sixty days 
of feeding trial in this experiment showed that fish fed on diet 'A' containing fish meal 
and diet 'E' containing mixed plant sources protein had significantly highest and lowest 
growth respectively. However, no significant difference of growth was found in fish fed 
on diets C and D containing meat and bone meal, and mix of animal protein source diets 
respectively. The result showed that the apparent protein digestibility (APD) of diets 'A' 
and 'E' had significantly best and least values respectively. Food conversion ratio (FCR) 
and protein efficiency ratio (PER) ranged between 1.37 to 2.17 and 1.38 to 2.18 
respectively. On the basis of observed FCR and PER diets 'A' and 'E' produced 
significantly highest and lowest growth respectively. 
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Introduction 
Fish meal has been the well recognized major source of protein in commercial fish 
feeds elsewhere in the world. Unfortunately, use of fish meal as the sole source of protein 
in fish feed is not feasible in Bangladesh because of its high price and unavailability for 
the farmer. Moreover, the quality of fish meal available in Bangladesh is below standard 
having less protein content and higher non-protein nitrogen with rancid odour. 
Therefore, it is necessary that alternative protein source or sources of cheaper values of 
fish feeds are to be selected for boosting up the aquaculture production. In this asP.ect 
protein concentrate, or meat and bone meals of animal origin can be concerned as the 
alternative of fish meal supplement in the diet of fish. Moreover, the nutritive value of 
these feed ingredients are approximately similar to that of fish meal. Therefore, 
conventional agriculture by-products, like, oil cakes and the bran of cereals and legumes 
etc. may also be considered as easily available and cheaper viable fish feed ingredients for 
raising Indian major carps. 
In feed formulation and manufacture, it is essential to have a knowledge of nutrient 
digestibility of various feed stuffs used in formulating fish feed so that effective 
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substitution of one ingredient for another may be achieved. In Bangladesh, rohu (Labeo 
rohita) has been cultured at farmers level and this fish species is important because of its 
seed availability, faster growth rate, acceptability by consumers and good market value. 
However, the nutritional requirements of the fingerlings is yet to be understood for 
successful culture in Bangladesh. Considering the above aspects, this experiment was 
designed to study the feeding and nutritional aspects of rohu fish fed on different 
formulated pelleted animal and plant protein diets and thus to observe various aspects of 
its growth parameters. 
Materials and methods 
The feeding trial of the experiment was conducted in static indoor water system in 
the laboratory of the Department of Fisheries Technology, Bangladesh Agricultural 
University, Mymensingh for a period of sixty days during July through September'98. In 
this purpose ten glass aquaria of size 90x30x30cm3 having a capacity of 81L each were 
used as experimental tank. Tap water was the source of water in the aquaria during 
experimental period. An adequate level of dissolved oxygen in each aquarium was 
maintained through artificial aeration by using aquarium air pump (Daivo pump NS 
6200). A natural photoperiod of day-night length was maintained throughout the 
experimental period. The water temperature ranged between 27 and 29°C during the 
experiment. 
Induced bred fingerlings of Indian major carp, rohu (Labeo rohita) were collected 
from a local fish farm of Mymensingh district. They were then transferred in a round 
plastic pool of 290L capacity water as stocking tahk with artificial aeration. The 'fishes in 
the stocking tank were given a prophylactic treatment with 0.5% N aCl dip for 20 
minutes followed by a methylene blue bath of 0.5 ppm for 3 days. During 
acclimatization, the fish fingerligs were fed on formulated pelleted diet containing 33% 
crude protein at a rate of 1% body weight as maintenance ration. The fish feed 
ingredients selected to prepare the experimental diets were fishmeal, protein concentrate, 
meat and bone meal, mustard oil cake, sesame cake, soybean meal, rice bran and wheat 
flour. Alpha-cellulose, carboxymethyl cellulose and chromic oxide were used as filler, 
binder and marker of the diets respectively. Before formulation of diets all the selected 
dietary ingredients were subjected to proximate analysis. Five iso-nitrogenous diets were 
formulated to contain 33% crude protein from various combination of the different 
selected ingredients of animal and plant sources (Table 1). Diet A contained fish meal as 
the sole source of protein, whereas diets B, C, D and E contained protein concentrate, 
meat and bone meal, mix of "fish meal, protein concentrate, meat and bone meal" and 
mixed plant based protein respectively as major sources of dietary protein (Table 1). 
Required amount of vitamin and mineral premixes (Rhone-Poulenc, Bangladesh) were 
added in each of the diets during mixing of ingredients for making pellets. The five 
experimental diets were prepared as pellets by extruding it through 1 mm diameter of 
diece of a pelleting machine (Alexander work, GKM, Germany). The pellets were dried 
at 70°C for overnight and kept in plastic bottle for subsequent analysis and uses. 
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Table 1. Formulation of different experimental diets (33% crude protein level, 
dry weight basis) and proximate composition of the diets 
Ingredients Diet No. 
A B c D E 
Fish meal 43 13.6 
Protein cone. 52 17.2 
Meat & bone meal 46.8 15.9 
Mustard oil cake 13 
Soybean meal 49.5 
Sesame cake 10.5 
Rice bran 15 
Wheat flour 30 30 30 30 10 
Carboxy methyl cellulose 2 2 2 2 
Testing salt 0.5 0.5 0.5 0.5 0.5 
Vit. premix 1 1 1 1 1 
Chromic oxide 0.5 0.5 0.5 0.5 0.5 
Cellulose 19 10.4 16.2 16 
Soybean oil 4 3.6 3 3.3 
Proximate composition 
Dry matter 92.92 93.3 92.55 93.13 92.28 
Crude protein 33.34 33.38 33.08 33.8 33.36 
Crude lipid 11.53 10.57 10.96 11.33 12.6 
Ash 9.65 15.83 15.89 12.6 13.53 
NFE1 45.48 40.22 40.07 42.27 40.51 
Gross energy (Kcal/g/ 4.35 4.06 4.07 4.22 4.25 
1Nitrogenfi'ee extract calculated as JOO-%(moisture+crude protein+lipid+ash) 
2Gross energy calculated after smith(I971) and Pike and Brown (1967) 
Five treatments were scheduled for the experiment. Each treatment had two 
replicates. Uniform size of 12 rohu fingerlings (1.0±0.1g) from the acclimation tanks were 
randomly selected, weighed on a precision balance and thereby a mean total initial 
weight of 13.0±0.2g was found and distributed in each aquarium. The experimental 
tanks were designated as replicate A1, A2; B1, B2; C1, C2; D1, D2; and E1, E2 (as two 
replicates for one treatment) for the fish of five treatments to be reared and fed on diets 
A, B, C, D and E respectively. The proximate composition of the five diets are shown in 
Table 1. The water quality parameters such as dissolved oxygen, pH and temperature 
were monitored weekly throughout the experimental period. The fishes were fed with 
the formulated diets up to satiation level twice daily at 6 hours interval between 09.00 
and 15.00 hours. Faecal matters in the aquaria were cleaned by siphoning before feeding 
started in the morning. For the growth responses of fish in each replicate group the bulk 
weight was recorded at every 10rh day until the feeding trial was finished. 
Faeces were collected during last two weeks of the experimental period to study the 
protein digestibility of feeds. Chromic oxide in the diets and faeces was determined by 
using wet digestion techniques of Furukawa and Tsukahara (1966). Apparent Protein 
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digestibility (APD) of experimental diets were then calculated using the formula of 
Maynard and Loosli (1969). 
At the start of the experiment 50 fingerlings from the stocking tank was randomly 
collected, sacrificed and treated for initial proximate composition analysis of the 
experimental fish. The proximate composition of the dietary ingredients, diets, faeces 
and the fish samples were analyzed according to standard procedures given in AOAC 
(1990). Statistical analysis of the data were done by one way analysis of variance 
(ANOVA) and Duncan's Multiple Range Test (Zar1984) to observe the significance of 
variation between the treatment means. 
Results 
Percent weight gain of L. rohita fed on five different diets A, B, C, D and E during 60 
days feeding trial is shown in Figure 1. The highest and the lowest percent growth were 
observed in fishes fed the diet A containing fish meal and the diet E containing plant 
protein ingredients respectively. The growth and feed utilization of L. rohita in response 
of different formulated diets are presented in Table 2. Maximum mean percent weight 
gain during the 60 days of feeding trial was observed in the group of fish fed on diet A 
which contained fishmeal as a source of dietary protein. The mean percent weight gain of 
fishes fed on diet A, B, C, D and E were 100.53, 81.90, 73.87, 79.25, 63.85% respectively. 
Fish fed diet A produced significantly (p<O.OS) the highest (1.16) specific growth rate 
(SGR) value than the others. However, there was found no significant differences 
(p>O.OS) between the SGR value offish fed diets C and D. 
116 
l'20 -r------------------------. 
-+- Treatment A 
I 00 _._ Treatment B 
--&- Treatment C 
-)(- Treatment D 
80 ~ Treatment E. 
60 
40 
20 
0 JD 20 30 
Days 
40 $0 
Fig. 1. Percent weight gain of L. rohita fed on different diets 
A, B, C, D anci E during 60 days feeding trial 
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Table 2. Growth and food utilization by L. rohita fed five experimental diets for 60 days offeeding trial 
Parameters Treatments 
A B c D E 
Initial weight (g) 13.1 13.05 13.05 13.2 13.00 
Final weight (g) 26.26 23.73 22.69 23.66 21.30 
Weight gain 13.16 10.68 9.64 10.46 8.30 
%weight gain 100.53a 81.90b 73.87bc 79.25bc 65.8c 
Amount of feed fed during 18.08 18.08 18.08 18.08 18.08 
experiment (g) 
Specific growth rate (SGR) 1.16a 1.00 0.92bc 0.97bc 0.82c 
Food conversion ratio (FCR) 1.37a 1.69b 1.88bc 1.72bc 2.18c 
Protein efficiency ratio (PER) 2.18a 1.76b 1.60bc 1.71bc 1.37c 
Apparent net protein utilization 47.12a 26.01b 16.43bc 15.83bc 12.9bc 
(ANPU%) 
Apparent protein digestibility 81.70a 78.66ab 69.96bc 72.53bc 75.53bc 
(APD%) 
*Figures in the same row having the same superscripts are not significantly different (p >0.05) 
The lowest FCR value in treatment A was significantly different (p<0.05) from other 
values and therefore was the best FCR value among the diets. The diet A had 
significantly different (p<O.OS) FCR value than the diets B, C, D and E. However, no 
significant differences (p>O.OS) were found between the apparent net protein utilization 
values of diets C, D and E (Table 2). It is seen that the ANPU value with fish fed ranged 
from 12.93 to 47.12% (Table 2) showing significantly higher (p<O.OS) in the diet A 
than those of diets B, C, D and E. The PER values ranged from 1.37 to 2.18 having 
significantly (p<O.OS) highest and lowest in the fish fed on the diets A and E respectively 
(Table 2). Significantly different (p<O.OS) and highest APD value was obtained with diet 
A containing fish meal, while the diet D and E showed no significantly different 
(p>0.05) values. However, the comparatively lower APD value was obtained with diet C 
containing protein concentrate. Proximate carcass composition of fish at the start and at 
the end of the experiment is shown in Table 3. Fish fed on the diet A produced the 
highest lipid content during growth trial while the fish fed on the diet C gained the 
lowest lipid content. However, fish fed on diet A had highest carcass protein content 
followed by diets D, B, E and C respectively. 
Table 3. Carcass composition of experimental fishes at the end of feeding trial(% dry matter basis) 
Treatments Initial A B c D E 
Moisture(%) 91.00 94.00 94.30 94.80 94.7 94.2 
Protein(%) 68.13 69.32 68.41 68.01 68.80 68.19 
Lipid(%) 7.6 11.46 10.71 10.02 10.03 10.17 
Ash(%) 24.27 19.22 20.88 21.97 21.17 21.64 
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Discussion 
In this experiment 33% crude protein level was scheduled in the formulated diet 
which was very near to dietary protein of 34% for the same fingerlings of Labeo rohita 
(Khan et al. 1991). Silva and Gunasekera (1991) conducted an experiment on the 
economically optimal growth ofLabeo rohita comprising with 31% crude protein diets. In 
another study, significantly improved growth of Labeo rohita at 29% of protein level 
(Mohanty and Swamy 1996) was reported. Therefore, to get an optimal growth response 
of the fish species, selection of 33% crude protein level in the diet of this experiment was 
a justified amount. 
Growth performance of experimental fish was recorded at every 10rh day. The best 
growth was obtained with fish fed on diet 'A' containing fish meal whereas there were no 
significant difference among the growth of fish fed on diet C and diet D containing meat 
and bone meal, and fish meal plus protein concentrate plus meat and bone meal 
respectively. Similarly, better growth performance was observed in Cyprinus carpio var. 
Communis fed on 50% fish meal and 44% rice bran diet and having no significant change 
of growth with other diets containing plant protein sources (Manissery et al. 1988). 
It is shown in Fig. 1 that the growth performance of fingerlings fed on diet 'A' 
exhibited a significantly high increase all along the experimental period. On the 
contrary, fish fed on diet C and D did not have any significant change on growth, 
whereas, least growth was found in fish fed on plant source protein (Diet E). Such least 
growth might be due to the fact that fish fed on diet 'E' containing plant sources had 
least digestible protein. Similar study was observed by Ferraris et al. (1986). Other Plant 
source protein like Leucaena leucocephala leaf meal was the least digestible ingredient (10-
40%). 
The FCR in the present study ranged between 1.37 and 2.18%. The diet A showed 
significantly least FCR value than others. The FCR in the present study are lower than 
those reported by Ahmed et al. (1983) and Rangacharyulu et al. (1991) with Indian major 
carp Labeo rohita. The FCR in the present study are a little higher than those reported by 
Biswas (1997) with Puntius gonionotus. The ANPU values reported by Hossain et al. 
(1994) and Biswas (1997) for P. gonionotus fed diets containing various levels of oil seed 
meals. 
The apparent protein digestibility values (APD) were fairly high which ranged 
between 69.96 to 81.70%. The fish meal based diet A in the present study produced the 
highest APD value (81.70). The meat and bone meal based diet C produced the lowest 
APD value (69.96). According to NRC (1997) carp digest up to 90% of fish meal protein. 
However, this value may be decreased depending on the origin and processing of fish 
meal involved (Ogino and Chen 1973). In this study comparatively higher amount of 
carcass lipid was found in fish fed on diet A containing fish meal (Table 3). Similar 
result oflipid increment was obtained with P. gonionotus fed on different diets containing 
treated and untreated Soybean meal (Chisty 1997). Biswas (1997) also obtained similar 
trend of increase of carcass lipid content in P. gonionotus fed on similar diets containing 
fish meal, meat and bone meal, protein concentrate, mix of animal protein and mixed 
plant protein diet. 
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Considering the different growth parameters the result of the present study 
demonstrated that fish meal based diet (Diet A) plays a significant role in growth 
performance in L. rohita among the different diets, whereas, plant based dietary protein 
produced the lowest growth. From the economic point of view, it can be concluded that 
the diet B containing protein concentrate as a major protein source may be considered as 
a substitute of fish meal diet. 
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